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Existing Building Efficiency Upgrade Cost-effectiveness Study

Appendix C - Standards Sections
6.1.1 2019 Building Enerqgy Efficiency Standards Section 150.2(b)11

Roofs. Replacements of the exterior surface of existing roofs, including adding a new surface layer on top of the existing
exterior surface, shall meet the requirements of Section 110.8 and the applicable requirements of Subsections i and ii
where more than 50 percent of the roof is being replaced

i Low-rise residential buildings with steep-sloped roofs, in Climate Zones 10 through 15 shall have a minimum aged
solar reflectance of 0.20 and a minimum thermal emittance of 0.75, or a minimum SRI of 16.

EXCEPTION TO 150.2(b)1li: The following shall be considered equivalent to Subsection i:

a. Air-space of 1.0 inch (25 mm) is provided between the top of the roof deck to the bottom of the roofing
product; or

b. The installed roofing product has a profile ratio of rise to width of 1 to 5 for 50 percent or greater of the width
of the roofing product; or

c. Existing ducts in the attic are insulated and sealed according to Section 150.1(c)9; or

d. Buildings with at least R-38 ceiling insulation; or

e. Buildings with a radiant barrier in the attic meeting the requirements of Section 150.1(c)2; or
f.  Buildings that have no ducts in the attic; or

g. In Climate Zones 10-15, R-2or greater insulation above the roof deck.

ii. Low-sloped roofs in Climate Zones 13 and 15 shall have a 3-year aged solar reflectance equal or greater than 0.63
and a thermal emittance equal or greater than 0.75, or a minimum SRI of 75.

EXCEPTION 1 to Section 150.2(b)1lii: Buildings with no ducts in the attic.

EXCEPTION 2 to Section 150.2(b)1lii: The aged solar reflectance can be met by using insulation at the roof deck
specified in TABLE 150.2-B.

6.1.2 2019 Building Energy Efficiency Standards Section 150.2(b)1E
Altered Space-Conditioning System - Duct Sealing: In all Climate Zones, when a space-conditioning system serving a single
family or multifamily dwelling is altered by the installation or replacement of space-conditioning system equipment,
including replacement of the air handler, outdoor condensing unit of a split system air conditioner or heat pump, or cooling
or heating coil; the duct system that is connected to the altered space-conditioning system equipment shall be sealed, as
confirmed through field verification and diagnostic testing in accordance with the applicable procedures for duct sealing of
altered existing duct systems as specified in Reference Residential Appendix RA3.1 and the leakage compliance criteria
specified in subsection i, ii, or iii below. Additionally, when altered ducts, air-handling units, cooling or heating coils, or
plenums are located in garage spaces, the system shall comply with Section 150.2(b)1Diic regardless of the length of any
new or replacement space-conditioning ducts installed in the garage space.

i The measured duct leakage shall be equal to or less than 15 percent of system air handler airflow as determined
utilizing the procedures in Reference Residential Appendix Section RA3.1.4.3.1; or

ii. The measured duct leakage to outside shall be equal to or less than 10 percent of system air handler airflow as
determined utilizing the procedures in Reference Residential Appendix Section RA3.1.4.3.4; or

iii. If it is not possible to meet the duct sealing requirements of either Section 150.2(b)1Ei or Section 150.2(b)1Eii, then,
all accessible leaks shall be sealed and verified through a visual inspection and a smoke test by a certified HERS
Rater utilizing the methods specified in Reference Residential Appendix RA3.1.4.3.5.

EXCEPTION 1 to Section 150.2(b)1E: Duct Sealing. Duct systems that are documented to have been previously sealed as
confirmed through field verification and diagnostic testing in accordance with procedures in the Reference Residential
Appendix RA3.1.

EXCEPTION 2 to Section 150.2(b)1E: Duct Sealing. Duct systems with less than 40 linear feet as determined by visual
inspection.
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Existing Building Efficiency Upgrade Cost-effectiveness Study
EXCEPTION 3 to Section 150.2(b)1E: Duct Sealing. Existing duct systems constructed, insulated or sealed with asbestos.

6.1.3 2019 Building Energy Efficiency Standards Section 110.9(b)4
Occupant Sensing Controls. Occupant sensing controls include occupant sensors, motion sensors, and
vacancy sensors, including those with a Partial-ON or Partial-OFF function. Occupant sensing controls
shall:

A. Be capable of automatically turning the controlled lights in the area either off or down no more than 20 minutes
after the area has been vacated;

B. For manual-on controls, have a grace period of no less than 15 seconds and no more than 30 seconds to turn on
lighting automatically after the sensor has timed out; and

C. Provide a visible status signal that indicates that the device is operating properly, or that it has failed or
malfunctioned. The visible status signal may have an override that turns off the signal.

EXCEPTION to Section 110.9(b)4: Occupant Sensing Control systems may consist of a combination of

single or multi-level Occupant, Motion, or Vacancy Sensor Controls, provided that components installed to

comply with manual-on requirements shall not be capable of conversion by occupants from manual-on to automatic-on
functionality
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Appendix D - Measure Cost-effectiveness Tables

Climate Zone 1: The envelope and duct package is cost-effective for single family built before 1992 and

Existing Building Efficiency Upgrade Cost-effectiveness Study

multifamily homes built before 2006. For single family homes built between 1992 and 2005 duct sealing alone is
cost-effective. Cool roof upgrades and window replacements are not cost-effective.

Note: Grey rows indicate option is not cost effective.

Table 13: CZ 1 - Single Family Efficiency Upgrade Cost-effectiveness Results

Electricity Gas Utility simple Lifecycle
Measure Vintage Savings Savings | Measure Cost Cc?st Payback Benefit.-
(kWh) (therms) Savings Cost Ratio
Envelope & Duct Pre-1978 154 179 $3,472 $366 9.49 2.10
Package 1978-1991 80 93 $3,212 $190 16.95 1.18
1992-2005 65 76 $3,212 $155 20.73 0.96
Pre-1978 50 57 $2,273 $119 19.17 1.04
R-38 Attic Insulation 1978-1991 23 27 $2,013 S55 36.46 0.55
1992-2005 23 26 $2,013 $54 37.14 0.54
Pre-1978 84 97 $240 $198 1.21 16.51
Duct Sealing 1978-1991 37 43 $240 S88 2.72 7.34
1992-2005 31 36 $240 S73 3.28 6.09
Pre-1978 -28 -34 $635 -$68 -9.41 -2.12
Cool Roof 1978-1991 -21 -25 $635 -$49 -12.88 -1.55
1992-2005 -22 -26 $635 -$52 -12.19 -1.64
Windows Pre-1978 111 130 $9,810 $265 37.08 0.54
Water Heating Package | All Vintages 0 19 $208 S33 6.35 3.16
LED Lamp vs. CFL All Vintages 1.2 0 $3.99 $0.29 13.96 4.45
Table 14: CZ 1 - Multifamily Efficiency Upgrade Cost-effectiveness Results (Per Unit)
' Elect'ricity G'as Measure Utility simple Lifecyc'le
Measure Vintage Savings Savings Cost Cqst Payback Beneflt'-
(kwWh) (therms) Savings Cost Ratio
Envelope & Duct Pre-1978 58 67 $1,054 $137 7.72 3.15
Package 1978-1991 28 33 $987 S56 17.59 1.38
1992-2005 21 25 $987 S41 24.21 1.00
Pre-1978 15 16 $594 S34 17.48 1.39
R-38 Attic Insulation 1978-1991 7 8 S526 S15 34.59 0.70
1992-2005 7 8 $526 S13 39.30 0.62
Pre-1978 32 37 $120 $76 1.57 15.47
Duct Sealing 1978-1991 12 13 $120 S24 4,99 4.88
1992-2005 8 10 $120 S16 7.55 3.22
Pre-1978 -7 -9 $184 -$17 -10.60 -2.30
Cool Roof 1978-1991 -4 -6 5184 -$10 -19.10 -1.27
1992-2005 -4 -6 $184 -$9 -20.78 -1.17
Windows Pre-1978 78 92 S5,873 $185 31.71 0.77
Water Heating Package | All Vintages 0 16 $168 $28 6.02 4.07
LED Lamp vs. CFL All Vintages 1.2 0 $3.99 $0.29 13.96 4.45
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Climate Zone 2: The envelope and duct package is cost-effective for single family homes built before 1978 and
multifamily homes built before 2006. For single family homes built between 1978 and 2005 duct sealing alone is
cost-effective. Cool roof upgrades are cost-effective for single family homes built before 1978 and multifamily
homes built before 2006. Window replacements are not cost-effective.

Note: Grey rows indicate option is not cost effective.

Table 15: CZ 2 - Single Family Efficiency Upgrade Cost-effectiveness Results

Electricity Gas Utility . Lifecycle
. . . Measure Simple .

Measure Vintage Savings Savings Cost Cc.ost Payback Beneflt_-

(kwh) (therms) Savings Cost Ratio
Pre-1978 578 109 $3,472 $387 8.97 2.17
Envelope & Duct Package 1978-1991 194 51 $3,212 $154 20.80 0.94
1992-2005 125 45 $3,212 $117 27.47 0.72
Pre-1978 385 38 $2,273 $195 11.67 1.65
R-38 Attic Insulation 1978-1991 137 18 $2,013 S79 25.47 0.76
1992-2005 91 17 $2,013 $60 33.30 0.58
Pre-1978 203 56 $240 $169 1.42 13.77
Duct Sealing 1978-1991 52 21 $240 S55 4.39 4.50
1992-2005 31 20 $240 $44 5.50 3.60
Pre-1978 219 -20 $635 S37 17.12 1.02
Cool Roof 1978-1991 95 -15 $635 S8 76.43 0.19
1992-2005 47 -15 $635 -$9 -69.12 -0.33
Windows Pre-1978 529 39 $9,810 $246 39.93 0.48
Water Heating Package All Vintages 0 19 $208 $33 6.31 3.19
LED Lamp vs. CFL All Vintages 1.2 0 $3.99 $0.32 12.62 4,92
Table 16: CZ 2 - Multifamily Efficiency Upgrade Cost-effectiveness Results (Per Unit)
. EIect_ricity G?s Measure Utility Simple Lifecy(.:le
Measure Vintage Savings Savings Cost Cc.ost Payback Beneflt_-
(kwh) (therms) Savings Cost Ratio

Pre-1978 224 40 $1,054 $136 7.76 3.05
Envelope & Duct Package 1978-1991 89 18 $987 S52 18.83 1.25
1992-2005 69 15 $987 S42 23.26 1.02
Pre-1978 116 11 $594 $55 10.89 2.15
R-38 Attic Insulation 1978-1991 51 5 $526 S23 22.40 1.04
1992-2005 44 5 $526 $21 24.65 0.95
Pre-1978 112 22 $120 S72 1.67 14.16
Duct Sealing 1978-1991 44 6 $120 $23 5.22 4.50
1992-2005 26 5 $120 $16 7.49 3.15
Pre-1978 94 -5 $184 S22 8.31 2.67
Cool Roof 1978-1991 65 -3 $184 $17 10.98 2.04
1992-2005 45 -3 $184 S11 16.88 1.31
Windows Pre-1978 409 29 $5,873 $179 32.85 0.71
Water Heating Package All Vintages 0 16 $168 S27 6.16 3.98
LED Lamp vs. CFL All Vintages 1.2 0 $3.99 $0.32 12.62 4.92
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Climate Zone 3: The envelope and duct package is cost-effective for single family and multifamily homes built
before 1978. For single family and multifamily homes built between 1978 and 2005 duct sealing alone is cost-

effective. Cool roof upgrades and window replacements are not cost-effective.
Note: Grey rows indicate option is not cost effective.

Table 17: CZ 3 - Single Family Efficiency Upgrade Cost-effectiveness Results

Electricity Gas Utility . Lifecycle
. . . Measure Simple .

Measure Vintage Savings Savings Cost Ccrst Payback Beneflt:

(kWh) (therms) Savings Cost Ratio
Envelope & Duct Pre-1978 132 99 $3,472 $222 15.61 1.28
Package 1978-1991 41 46 $3,212 $91 35.39 0.56
1992-2005 36 40 $3,212 $78 40.97 0.49
Pre-1978 74 37 $2,273 $91 24.87 0.80
R-38 Attic Insulation 1978-1991 17 17 $2,013 S36 56.57 0.35
1992-2005 16 17 $2,013 $33 60.55 0.33
Pre-1978 53 51 $240 $110 2.19 9.11
Duct Sealing 1978-1991 15 17 $240 S35 6.88 2.91
1992-2005 14 16 $240 $31 7.65 2.61
Pre-1978 17 -18 $635 -$25 -25.51 -0.80
Cool Roof 1978-1991 -9 -13 $635 -524 -26.20 -0.76
1992-2005 -10 -13 $635 -524 -26.17 -0.76
Windows Pre-1978 92 72 $9,810 $159 61.51 0.32
Water Heating Package | All Vintages 0 19 $208 $33 6.39 3.15
LED Lamp vs. CFL All Vintages 1.2 0 $3.99 $0.29 13.75 4.52
Table 18: CZ 3 - Multifamily Efficiency Upgrade Cost-effectiveness Results (Per Unit)
. EIect_ricity G.:;\S Measure Utility Simple Lifecyc'le
Measure Vintage Savings Savings Cost C(?st Payback Beneflt:
(kWh) (therms) Savings Cost Ratio
Envelope & Duct Pre-1978 54 35 $1,054 $72 14.60 1.66
Package 1978-1991 19 15 $987 S26 38.21 0.63
1992-2005 14 12 $987 $20 48.42 0.50
Pre-1978 26 10 $594 $25 24.16 0.99
R-38 Attic Insulation 1978-1991 10 5 $526 $10 53.48 0.45
1992-2005 8 5 $526 $9 57.71 0.42
Pre-1978 25 18 $120 $37 3.27 7.41
Duct Sealing 1978-1991 7 5 $120 S8 14.65 1.65
1992-2005 4 4 $120 $6 19.37 1.25
Pre-1978 12 -4 $184 -S2 -78.18 -0.35
Cool Roof 1978-1991 -3 $184 -S1 -167.26 -0.17
1992-2005 -3 $184 -52 -76.88 -0.33
Windows Pre-1978 67 49 S5,873 $S98 60.05 0.40
Water Heating Package | All Vintages 0 16 $168 $26 6.41 3.82
LED Lamp vs. CFL All Vintages 1.2 0 $3.99 $0.29 13.75 4.52
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Climate Zone 4: The envelope and duct package is cost-effective for single family homes built before 1978 and
multifamily homes built before 1992. For single family homes built between 1978 and 2005 and multifamily

homes built between 1992 and 2005 duct sealing alone is cost-effective. Cool roof upgrades are cost-effective
for single family homes built before 1978 and multifamily homes built before 2006. Window replacements are

not cost-effective.

Note: Grey rows indicate option is not cost effective.

Table 19: CZ 4 - Single Family Efficiency Upgrade Cost-effectiveness Results

Electricity Gas Utility . Lifecycle
. . . Measure Simple .

Measure Vintage Savings Savings Cost Cc.ost Payback Beneflt_-

(kWh) (therms) Savings Cost Ratio
Pre-1978 560 93 $3,472 $349 9.95 1.95
Envelope & Duct
Package 1978-1991 228 44 $3,212 $146 21.94 0.89
1992-2005 158 38 $3,212 $116 27.80 0.70
Pre-1978 383 35 $2,273 $186 12.23 1.57
R-38 Attic Insulation 1978-1991 172 17 $2,013 S84 24.10 0.80
1992-2005 124 16 $2,013 $68 29.55 0.65
Pre-1978 185 46 $240 S144 1.67 11.73
Duct Sealing 1978-1991 60 17 $240 $48 5.04 3.88
1992-2005 34 15 $240 $37 6.53 3.02
Pre-1978 240 -16 $635 S49 13.00 1.38
Cool Roof 1978-1991 147 -12 $635 $29 21.69 0.82
1992-2005 87 -12 $635 $10 64.71 0.25
Windows Pre-1978 567 28 $9,810 S234 41.95 0.45
Water Heating Package | All Vintages 0 19 $208 $33 6.33 3.18
LED Lamp vs. CFL All Vintages 1.2 0 $3.99 $0.32 12.63 4.92
Table 20: CZ 4 - Multifamily Efficiency Upgrade Cost-effectiveness Results (Per Unit)
. EIect_ricity G?s Measure Utility Simple Lifecyc_le
Measure Vintage Savings Savings Cost Ct:fst Payback Beneflt'-
(kwh) (therms) Savings Cost Ratio

Envelope & Duct Pre-1978 214 33 $1,054 $118 8.93 2.64
Package 1978-1991 93 15 $987 S49 20.05 1.17
1992-2005 75 12 $987 $40 24.65 0.95
Pre-1978 114 10 $594 S51 11.61 2.01
R-38 Attic Insulation 1978-1991 53 5 $526 S23 22.89 1.02
1992-2005 47 5 $526 $21 2491 0.94
Pre-1978 107 17 $120 S61 1.96 12.06
Duct Sealing 1978-1991 49 5 $120 S22 5.47 4,27
1992-2005 33 4 $120 S16 7.61 3.08
Pre-1978 101 -4 $184 $26 7.19 3.12
Cool Roof 1978-1991 75 -3 $184 $21 8.94 2.52
1992-2005 57 -3 $184 S15 12.49 1.80
Windows Pre-1978 438 21 S5,873 $173 34.01 0.68
Water Heating Package | All Vintages 0 16 $168 $26 6.43 3.81
LED Lamp vs. CFL All Vintages 1.2 0 $3.99 $0.32 12.63 4.92
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Climate Zone 5 PG&E/PG&E: The envelope and duct package is cost-effective for single family and multifamily

homes built before 1978. For single family homes built between 1978 and 2005 and multifamily homes built
between 1978 and 1991 duct sealing alone is cost-effective. Cool roof upgrades are cost-effective for multifamily
homes built before 1978 but are not cost-effective for single family homes. Window replacements are cost-
effective for multifamily homes built before 1978 but are not cost-effective for single family homes.

Note: Grey rows indicate option is not cost effective.

Table 21: CZ 5 PG&E /PG&E - Single Family Efficiency Upgrade Cost-effectiveness Results

Electricity Gas Utility . Lifecycle
. . . Measure Simple )

Measure Vintage Savings Savings Cost Ccrst Payback Beneflt_-

(kwh) (therms) Savings Cost Ratio

Pre-1978 105 102 $3,472 $215 16.12 1.24
Envelope & Duct Package | 1978-1991 42 48 $3,212 $92 34.85 0.57
1992-2005 36 41 $3,212 $79 40.63 0.49
Pre-1978 49 36 $2,273 $80 28.54 0.70
R-38 Attic Insulation 1978-1991 15 16 $2,013 $32 62.07 0.32
1992-2005 14 15 $2,013 $29 68.90 0.29
Pre-1978 46 52 $240 $107 2.24 8.93
Duct Sealing 1978-1991 16 18 $240 S36 6.70 2.98
1992-2005 15 17 $240 $33 7.17 2.79
Pre-1978 -5 -25 $635 -$45 -14.14 -1.42
Cool Roof 1978-1991 -14 -18 $635 -$36 -17.72 -1.13
1992-2005 -15 -19 $635 -$36 -17.70 -1.13
Windows Pre-1978 81 76 $9,810 $160 61.19 0.33
Water Heating Package All Vintages 0 19 $208 $33 6.40 3.14
LED Lamp vs. CFL All Vintages 1.2 0 $3.99 $0.29 13.88 4.48

Table 22: CZ 5 PG&E /PG&E - Multifamily Efficiency Upgrade Cost-effectiveness Results (Per Unit

Electricity Gas Utility . Lifecycle
. . . Measure Simple )

Measure Vintage Savings Savings Cost C(?st Payback Beneflt_-

(kwh) (therms) Savings Cost Ratio

Envelope & Duct Pre-1978 45 36 $1,054 $260 4.06 5.76
Package 1978-1991 13 15 $987 $19 53.03 0.46
1992-2005 10 13 $987 $15 64.74 0.38
Pre-1978 22 10 $594 $226 2.63 8.85
R-38 Attic Insulation 1978-1991 7 5 $526 S7 76.62 0.31
1992-2005 5 5 $526 $6 87.62 0.28
Pre-1978 20 19 $120 $234 0.51 45.53
Duct Sealing 1978-1991 5 4 $120 S5 21.88 1.11
1992-2005 3 4 $120 S5 26.51 0.92
Pre-1978 7 -6 $184 $203 0.91 25.55
Cool Roof 1978-1991 3 -3 $184 -$2 -75.95 -0.33
1992-2005 -1 -3 $184 -S4 -45.73 -0.53
Windows Pre-1978 59 52 $5,873 $280 20.98 1.12
Water Heating Package All Vintages 0 16 $168 S21 8.07 3.04
LED Lamp vs. CFL All Vintages 1.2 0 $3.99 $0.29 13.88 4.48
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Climate Zone 5 — PG&E/SoCalGas: The envelope and duct package is cost-effective for multifamily homes built

before 1978. For single family homes built before 2006 and multifamily homes built between 1978 and 1991
duct sealing alone is cost-effective. Cool roof upgrades are cost-effective for multifamily homes built before
1978 but are not cost-effective for single family homes. Window replacements are not cost-effective.

Note: Grey rows indicate option is not cost effective.

Table 23: CZ 5 PG&E /SoCalGas - Single Family Efficiency Upgrade Cost-effectiveness Results

Electricity Gas Utility . Lifecycle
. . . Measure Simple .
Measure Vintage Savings Savings Cost C(?st Payback Beneflt:
(kWh) (therms) Savings Cost Ratio
Pre-1978 105 102 $3,472 $165 20.98 1.00
Envelope & Duct
Package 1978-1991 42 48 $3,212 $69 46.38 0.45
1992-2005 36 41 $3,212 S60 53.86 0.39
Pre-1978 49 36 $2,273 S61 37.07 0.56
R-38 Attic Insulation 1978-1991 15 16 $2,013 S24 83.94 0.25
1992-2005 14 15 $2,013 S22 92.44 0.23
Pre-1978 46 52 $240 $82 2.92 7.20
Duct Sealing 1978-1991 16 18 $S240 S27 9.04 2.32
1992-2005 15 17 $240 $25 9.51 2.21
Pre-1978 -5 -25 $635 -534 -18.44 -1.16
Cool Roof 1978-1991 -14 -18 $635 -528 -22.95 -0.92
1992-2005 -15 -19 $635 -528 -22.62 -0.93
Windows Pre-1978 81 76 $9,810 $125 78.62 0.27
Water Heating Package | All Vintages 0 19 $208 $26 7.95 2.69
LED Lamp vs. CFL All Vintages 1.2 0 $3.99 $0.29 13.88 4.48

Table 24: CZ 5 PG&E /SoCalGas - Multifamily Efficiency Upgrade Cost-effectiveness Results (Per Unit)

Electricity Gas Utility . Lifecycle
. . . Measure Simple .
Measure Vintage Savings Savings Cost C(?st Payback Beneflt:
(kwh) (therms) Savings Cost Ratio

Envelope & Duct Pre-1978 45 36 $1,054 $216 4.89 4.80
Package 1978-1991 13 15 $987 $19 53.03 0.48
1992-2005 10 13 $987 $15 64.74 0.40

Pre-1978 22 10 $594 $182 3.26 7.07

R-38 Attic Insulation 1978-1991 7 5 $526 S7 76.62 0.33
1992-2005 5 5 $526 $6 87.62 0.29

Pre-1978 20 19 $120 $191 0.63 36.87

Duct Sealing 1978-1991 5 4 $120 $5 21.88 1.16
1992-2005 3 4 $120 S5 26.51 0.97

Pre-1978 7 -6 $184 $159 1.16 19.64

Cool Roof 1978-1991 3 -3 $184 -2 -75.95 -0.36
1992-2005 -1 -3 $184 -S4 -45.73 -0.56

Windows Pre-1978 59 52 $5,873 $236 24.87 0.95
Water Heating Package All Vintages 0 16 $168 S21 8.07 3.22
LED Lamp vs. CFL All Vintages 1.2 0 $3.99 $0.29 13.88 4.48
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Climate Zone 6: The envelope and duct package is not cost-effective for single family or multifamily homes. For

single family homes built before 1978 and multifamily homes built before 1992 duct sealing alone is cost-
effective. Cool roof upgrades are cost-effective for multifamily homes built before 1992 but are not cost-
effective for single family homes. Window replacements are not cost-effective.

Note: Grey rows indicate option is not cost effective.

Table 25: CZ 6 - Single Family Efficiency Upgrade Cost-effectiveness Results

Electricity Gas Utility . Lifecycle
. . . Measure Simple )
Measure Vintage Savings Savings Cost Ccrst Payback Beneflt_-
(kwh) (therms) Savings Cost Ratio
Pre-1978 455 54 $3,472 S211 19.98 0.78
Envelope & Duct
Package 1978-1991 144 22 $3,212 $69 56.35 0.28
1992-2005 95 19 $3,212 S47 81.42 0.19
Pre-1978 373 25 $2,273 $150 18.68 0.83
R-38 Attic Insulation 1978-1991 122 9 $2,013 S50 49.70 0.31
1992-2005 80 9 $2,013 $33 73.83 0.21
Pre-1978 114 23 $240 $65 4.38 3.54
Duct Sealing 1978-1991 33 6 $240 S18 16.35 0.95
1992-2005 19 6 $240 $12 23.93 0.65
Pre-1978 195 -15 $635 S44 19.31 0.80
Cool Roof 1978-1991 100 -9 $635 $25 34.16 0.45
1992-2005 53 -10 $635 S7 134.99 0.11
Windows Pre-1978 393 5 $9,810 $132 93.50 0.17
Water Heating Package | All Vintages 0 19 $208 $26 9.05 1.72
LED Lamp vs. CFL All Vintages 1.2 0 $3.99 $0.25 15.73 3.95
Table 26: CZ 6 - Multifamily Efficiency Upgrade Cost-effectiveness Results (Per Unit)
. EIect.ricity G.:;\S Measure Utility Simple Lifecyc'le
Measure Vintage Savings Savings Cost C(?st Payback Beneflt:
(kWh) (therms) Savings Cost Ratio
Envelope & Duct Pre-1978 164 18 $1,054 $67 19.24 0.98
Package 1978-1991 58 5 $987 S24 51.43 0.37
1992-2005 47 4 $987 $18 68.16 0.28
Pre-1978 107 7 $594 $39 18.98 1.00
R-38 Attic Insulation 1978-1991 41 2 $526 S14 45.11 0.42
1992-2005 35 2 $526 $12 53.10 0.36
Pre-1978 68 7 $120 $29 5.12 3.69
Duct Sealing 1978-1991 32 1 $120 $12 13.00 1.46
1992-2005 20 1 $120 $7 22.40 0.84
Pre-1978 82 -3 S184 S21 11.31 1.67
Cool Roof 1978-1991 60 -1 $184 $17 13.54 1.40
1992-2005 45 -1 $184 $12 20.06 0.94
Windows Pre-1978 321 6 $5,873 $101 73.32 0.26
Water Heating Package | All Vintages 0 16 $168 S19 9.78 1.93
LED Lamp vs. CFL All Vintages 1.2 0 $3.99 $0.25 15.73 3.95
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Climate Zone 7: The envelope and duct package is not cost-effective for single family or multifamily homes. For
multifamily homes built before 1978 a combination of the duct sealing and R-38 attic insulation upgrades are
cost effective. For single family homes built before 1978 and multifamily homes built between 1978 and 1991
duct sealing alone is cost-effective. Cool roof upgrades are cost-effective for single family homes built before

1978 and multifamily homes built before 1992. Window replacements are not cost-effective.

Note: Grey rows indicate option is not cost effective.

Table 27: CZ 7 - Single Family Efficiency Upgrade Cost-effectiveness Results

Electricity Gas Utility . Lifecycle
. . . Measure Simple )
Measure Vintage Savings Savings Cost Ccrst Payback Beneflt_-
(kWh) (therms) Savings Cost Ratio
Pre-1978 314 31 $3,472 $209 20.63 0.75
Envelope & Duct Package 1978-1991 85 11 $3,212 $57 68.80 0.23
1992-2005 64 10 $3,212 S41 96.06 0.16
Pre-1978 272 16 $2,273 $168 16.91 0.92
R-38 Attic Insulation 1978-1991 76 6 $2,013 S46 54.75 0.28
1992-2005 59 6 $2,013 $33 75.36 0.21
Pre-1978 66 11 $240 $52 5.68 2.74
Duct Sealing 1978-1991 17 2 $240 $12 24.50 0.63
1992-2005 9 2 $240 S7 41.18 0.38
Pre-1978 150 -11 $635 $66 12.43 1.25
Cool Roof 1978-1991 65 -6 $635 $26 32.16 0.48
1992-2005 41 -7 $635 $9 100.28 0.15
Windows Pre-1978 293 -7 $9,810 $151 82.91 0.19
Water Heating Package All Vintages 0 19 $208 $30 7.92 1.96
LED Lamp vs. CFL All Vintages 1.2 0 $3.99 $0.33 12.01 5.17
Table 28: CZ 7 - Multifamily Efficiency Upgrade Cost-effectiveness Results (Per Unit)
. EIect'ricity G?s Measure Utility Simple Lifecyc'le
Measure Vintage Savings Savings Cost C(?st Payback Beneflt:
(kwh) (therms) Savings Cost Ratio
Pre-1978 98 8 $1,054 $68 19.21 0.98
Envelope & Duct Package | 1978-1991 40 1 $987 $10 59.54 0.32
1992-2005 25 1 $987 S5 101.52 0.19
Pre-1978 66 3 $594 $47 15.72 1.20
R-38 Attic Insulation 1978-1991 30 1 $526 SO 44.99 0.42
1992-2005 20 1 $526 S0 71.64 0.26
Pre-1978 28 2 $120 S27 5.54 341
Duct Sealing 1978-1991 21 0.13 $120 S21 14.56 1.30
1992-2005 12 0.08 $120 $12 29.36 0.64
Pre-1978 46 -3 $184 $29 8.01 2.36
Cool Roof 1978-1991 47 -0.35 $184 $15 10.96 1.73
1992-2005 29 -0.35 $184 S9 20.10 0.94
Windows Pre-1978 235 -1 S5,873 S114 65.55 0.29
Water Heating Package All Vintages 0 16 $168 S24 7.98 2.37
LED Lamp vs. CFL All Vintages 1.2 0 $3.99 $0.33 12.01 5.17
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Climate Zone 8: The envelope and duct package is cost-effective for single family built before 1978 and
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multifamily homes built before 1992. For single family homes built between 1978 and 2005 and multifamily
homes built between 1992 and 2005 duct sealing alone is cost-effective. Cool roof upgrades are cost-effective

for all single family and multifamily homes built before 2006. Window replacements are not cost-effective.

Note: Grey rows indicate option is not cost effective.

Table 29: CZ 8 - Single Family Efficiency Upgrade Cost-effectiveness Results

Electricity Gas Utility . Lifecycle
. . . Measure Simple .

Measure Vintage Savings Savings Cost C(?st Payback Beneflt:

(kWh) (therms) Savings Cost Ratio
Pre-1978 850 39 $3,472 $312 11.14 1.72
Envelope & Duct Package | 1978-1991 359 17 $3,212 $132 24.30 0.79
1992-2005 311 15 $3,212 $119 26.98 0.71
Pre-1978 590 18 $2,273 $201 11.28 1.69
R-38 Attic Insulation 1978-1991 266 8 $2,013 $92 21.90 0.87
1992-2005 248 8 $2,013 $90 22.33 0.85
Pre-1978 307 17 $240 $120 2.00 9.60
Duct Sealing 1978-1991 122 5 $240 S46 5.21 3.65
1992-2005 84 4 $240 $34 7.14 2.68
Pre-1978 389 -10 $635 $108 5.89 3.13
Cool Roof 1978-1991 266 -7 $635 $78 8.12 2.28
1992-2005 219 -8 $635 $66 9.67 1.90
Windows Pre-1978 723 4 $9,810 $222 44.12 0.43
Water Heating Package All Vintages 0 19 $208 $25 8.22 2.60
LED Lamp vs. CFL All Vintages 1.2 0 $3.99 $0.29 13.83 4.49
Table 30: CZ 8 - Multifamily Efficiency Upgrade Cost-effectiveness Results (Per Unit)
_ EIect_ricity G?s Measure Utility Simple Lifecy(.:le
Measure Vintage Savings Savings Cost C(?st Payback Beneflt:
(kwh) (therms) Savings Cost Ratio
Envelope & Duct Pre-1978 312 13 $1,054 $103 10.21 2.28
Package 1978-1991 139 4 $987 S46 21.31 1.08
1992-2005 123 3 $987 S42 23.65 0.98
Pre-1978 157 5 $594 $48 12.29 1.89
R-38 Attic Insulation 1978-1991 73 2 $526 S23 23.28 0.99
1992-2005 69 1 $526 $22 23.73 0.97
Pre-1978 171 5 $120 S57 2.10 11.02
Duct Sealing 1978-1991 83 1 $120 $27 4.45 5.15
1992-2005 64 1 $120 $22 5.56 4.12
Pre-1978 149 -2 $184 $40 4.64 4.88
Cool Roof 1978-1991 115 -1 $184 $33 5.56 4.10
1992-2005 99 -1 $184 $29 6.29 3.62
Windows Pre-1978 519 5 $5,873 $149 39.50 0.58
Water Heating Package | All Vintages 0 16 $168 S20 8.54 3.04
LED Lamp vs. CFL All Vintages 1.2 0 $3.99 $0.29 13.83 4.49
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Climate Zone 9: The envelope and duct package is cost-effective for single family built before 1992 and
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multifamily homes built before 2006. For single family homes built between 1992 and 2005 duct sealing alone is
cost-effective. Cool roof upgrades are cost-effective for all single family and multifamily homes built before
2006. Window replacements are not cost-effective.

Note: Grey rows indicate option is not cost effective.

Table 31: CZ 9 - Single Family Efficiency Upgrade Cost-effectiveness Results

Electricity Gas Utility . Lifecycle
Measure Vintage Savings Savings Measure Cost Simple Benefit-
(kwh) (therms) Cost Savings Payback Cost Ratio
Envelope & Duct Pre-1978 1,101 51 $3,472 $392 8.86 2.17
Package 1978-1991 493 23 $3,212 $171 18.77 1.02
1992-2005 432 20 $3,212 $156 20.55 0.93
Pre-1978 649 22 $2,273 $215 10.55 1.81
R-38 Attic Insulation 1978-1991 305 11 $2,013 $98 20.45 0.93
1992-2005 299 10 $2,013 $102 19.74 0.96
Pre-1978 466 23 $240 $174 1.38 13.91
Duct Sealing 1978-1991 199 7 $240 S70 3.41 5.57
1992-2005 142 6 $240 S54 4.44 4.30
Pre-1978 457 -12 $635 $122 5.22 3.53
Cool Roof 1978-1991 319 -8 $635 $87 7.30 2.53
1992-2005 267 -9 $635 $75 8.44 2.19
Windows Pre-1978 941 9 $9,810 $285 34.43 0.55
Water Heating Package All Vintages 0 19 $208 $25 8.21 2.60
LED Lamp vs. CFL All Vintages 1.2 0 $3.99 $0.29 13.60 4.57
Table 32: CZ 9 - Multifamily Efficiency Upgrade Cost-effectiveness Results (Per Unit)
. EIect.ricity G?s Measure Utility Simple Lifecy(.:le
Measure Vintage Savings Savings Cost C(?st Payback Beneflt:
(kwh) (therms) Savings Cost Ratio
Envelope & Duct Pre-1978 418 17 $1,054 $135 7.84 2.97
Package 1978-1991 201 6 $987 S65 15.12 1.53
1992-2005 168 5 $987 S54 18.23 1.27
Pre-1978 186 6 $594 S57 10.46 2.22
R-38 Attic Insulation 1978-1991 89 3 $526 S27 19.15 1.21
1992-2005 79 2 $526 S24 21.48 1.08
Pre-1978 245 8 $120 S78 1.53 15.13
Duct Sealing 1978-1991 122 1 $120 S38 3.17 7.24
1992-2005 95 1 $120 $30 4.04 5.68
Pre-1978 179 -3 $184 S45 4.06 5.58
Cool Roof 1978-1991 138 -2 $184 $37 4.96 4.58
1992-2005 111 -2 $184 $30 6.20 3.66
Windows Pre-1978 673 8 S5,873 5188 31.28 0.74
Water Heating Package All Vintages 0 16 $168 $19 8.81 2.95
LED Lamp vs. CFL All Vintages 1.2 0 $3.99 $0.29 13.60 4.57
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Climate Zone 16: The envelope and duct package is cost-effective for all single family and multifamily homes
built before 2006. Cool roof upgrades are cost-effective for multifamily homes built before 2006 but are not
cost-effective for single family homes. Window replacements are cost-effective for multifamily homes built

before 1978 but are not cost-effective for single family homes.

Note: Grey rows indicate option is not cost effective.

Table 49: CZ 16 - Single Family Efficiency Upgrade Cost-effectiveness Results

Electricity Gas Utility . Lifecycle
. . . Measure Simple .

Measure Vintage Savings Savings Cost C(?st Payback Beneflt:

(kwh) (therms) Savings Cost Ratio
Pre-1978 635 231 $3,472 $620 5.60 3.52
Envelope & Duct Package 1978-1991 286 119 $3,212 $307 10.46 1.89
1992-2005 240 107 $3,212 $271 11.87 1.66
Pre-1978 407 76 $2,273 $269 8.43 2.31
R-38 Attic Insulation 1978-1991 176 38 $2,013 S126 15.97 1.22
1992-2005 155 36 $2,013 $117 17.22 1.14
Pre-1978 236 128 $240 $307 0.78 25.32
Duct Sealing 1978-1991 103 60 $240 S141 1.70 11.65
1992-2005 79 55 $240 $125 1.92 10.34
Pre-1978 232 -31 $635 S21 29.70 0.51
Cool Roof 1978-1991 153 -23 $635 S11 56.27 0.24
1992-2005 107 -22 $635 -S3 -213.69 -0.18
Windows Pre-1978 267 162 $9,810 $376 26.11 0.76
Water Heating Package All Vintages 0 19 $208 $33 6.37 3.15
LED Lamp vs. CFL All Vintages 1.2 0 $3.99 $0.31 12.94 4.80
Table 50: CZ 16 - Multifamily Efficiency Upgrade Cost-effectiveness Results (Per Unit)
_ EIect'ricity G?s Measure Utility Simple Lifecy(.:le
Measure Vintage Savings Savings Cost C(?st Payback Beneflt:
(kwh) (therms) Savings Cost Ratio

Envelope & Duct Pre-1978 243 88 $1,054 $236 4.48 5.36
Package 1978-1991 119 45 $987 $104 9.45 2.53
1992-2005 98 38 $987 S84 11.80 2.03
Pre-1978 115 22 $594 $76 7.81 3.04
R-38 Attic Insulation 1978-1991 56 11 $526 S34 15.48 1.53
1992-2005 49 10 $526 $30 17.31 1.37
Pre-1978 131 54 $120 $138 0.87 27.75
Duct Sealing 1978-1991 63 22 $120 $55 2.20 10.87
1992-2005 47 20 $120 $43 2.80 8.56
Pre-1978 100 -9 $184 S16 11.57 1.83
Cool Roof 1978-1991 79 -6 $184 $15 11.88 1.83
1992-2005 60 -6 $184 S11 16.92 1.27
Windows Pre-1978 173 113 S5,873 $257 22.83 1.06
Water Heating Package All Vintages 0 16 $168 S28 6.01 4.08
LED Lamp vs. CFL All Vintages 1.2 0 $3.99 $0.31 12.94 4.80
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